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1. INTRODUCTION 

1.1. Background 

Nearly all commercial and recreational fisheries in Australia are managed by input controls that 
govern the configurations of the fishing gears used and the practices involved in their deployment. 
Unfortunately, very few of these regulations, and especially those concerning mesh sizes, are based 
on any form of scientific assessment; the majority are derived from industry-developed gears and 
practices that just happened to be common practice when particular fisheries became established 
(e.g. Broadhurst and Kennelly, 1995). Such historical regulations have become entrenched over 
time and, in the absence of any scientific information, have proven quite difficult to change. 
 
Commercial and recreational fishing have increased markedly over the past 50 years throughout 
Australia, with corresponding declines in targeted populations. Because of this, many gear-related 
fishing regulations are considered to be outdated and lead to significant problems in terms of their 
selectivity and the capture of undesired organisms (collectively termed ‘bycatch’ - for reviews see 
Andrew and Pepperell, 1992, Alverson et al., 1994; Kennelly, 1995). With current requirements to 
manage fisheries in an ecologically-sustainable fashion, and growing concerns over discarding and 
wastage, there has emerged a clear need to address the gaps in our knowledge of the most 
appropriate gears and their configurations that should be used, and accurate descriptions of their 
selectivities. 
 
Few conventional fishing gears are entirely selective for the targeted species and their sizes, with 
many retaining a wide diversity of bycatch, causing problematic interactions with other species, 
fisheries and user groups (Andrew and Pepperell, 1992). The majority of concerns have been 
directed towards poor species selection and the mortality of non-target species like turtles and 
dolphins, as well as large quantities of juveniles of commercially- and recreationally-important fish 
(Andrew and Pepperell, 1992). Another bycatch issue that has received substantially less attention 
relates to inappropriate size selection and includes the capture, mortality and discarding of 
conspecifics of the targeted species that are undersize or unsaleable. Such wastage can have 
obvious effects on populations of the targeted species and, unlike discarding of non-target bycatch, 
is of paramount concern to the fishery in question. 
 
In Australia, the discarding of individuals conspecific to the targeted species due to poor size 
selection is a problem throughout many prawn fisheries (Broadhurst et al., 1999a; 2000). Penaeid 
prawn resources constitute some of the most economically-important commercial and recreational 
fisheries and their sustainable development partly depends on catching the various species at their 
optimal sizes. Many of the conventional gears used, however, retain prawns at sizes considerably 
smaller than those which optimise commercial or biological yield (e.g. Glaister, 1978; Broadhurst 
and Kennelly, 1996a). This is particularly the case in New South Wales (NSW), where a variety of 
small-meshed commercial and recreational prawn-catching gears are used throughout estuaries and 
nearshore areas known to be important nursery grounds for various stocks of prawns. Concerns 
over the mortality of unwanted juveniles, and the potential for negative impacts on stocks, justified 
funding for the present study to identify problematic gears in NSW’s estuarine prawn fisheries and 
then examine modifications that improve their size selectivity. 
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1.2. Need 

Penaeid prawns form the basis of several important commercial and recreational fisheries 
throughout estuaries and rivers in NSW. Catches include 6 species, although school (Metapenaeus 
macleyi), greasyback (Metapenaeus bennettae) and eastern king (Penaeus plebejus) account for 
more than 98% of the total annual commercial (approx. 1000 t) and recreational (approx. 11 
million individuals - Henry and Lyle, 2003) harvest. These 3 species are targeted throughout their 
distributions (Coles and Greenwood, 1983) using 7 general types of gear that include recreational 
haul, push and scoop nets (Fig. 1) and commercial trawls (Fig. 2), seines (Fig. 3), stow nets (Fig. 4) 
and trap nets (Fig. 5). 
 
Recreational gears have the widest distribution, being permitted throughout more than 120 
estuaries and with no temporal restrictions. All gears are hand operated (usually at night) and 
similar to those used in other Australian states (e.g. Kailoa et al., 1993) and the majority of the 
world’s artisanal penaeid fisheries (Vendeville, 1990). Scoop nets are the most popular recreational 
gear, used by more than 93% of fishers from boats or close to the shore (with lights) to target 
prawns swimming near the surface (Montgomery and Reid, 1995). Hauls (used by approx. 6% of 
fishers) and push nets (< 1% of fishers) are dragged or pulled along the seabed (< 2 m depth), 
actively directing prawns into their codends. There is little information on the absolute number of 
recreational prawn fishers in NSW, although Henry and Lyle, (2003) estimated effort at 251 000 
fisher hours during 12 months in 1999/2000. 
 
 

 
Figure 1. Recreational (A) haul, (B) push and (c) scoop nets used in NSW. 
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Compared to recreational nets, NSW’s commercial prawn-catching gears are considerably more 
restricted in space and time, with most permitted only during summer (September - May) each 
year, and in designated locations. Trawls are the most widely-used gear, with up to 240 vessels 
towing single- and twin-rigged nets (Fig. 2) to mostly target school prawns during the day 
throughout 4 estuaries (Clarence River - 115 vessels; Hawkesbury River - 65 vessels; Hunter River 
- 32 vessels and Port Jackson - 30 vessels). Seines are the second most common commercial gear 
(Fig. 3) and are used by up to 191 fishers to target (1) mostly school prawns in rivers (termed 
‘hauling’) or (2) greasyback prawns and eastern king prawns in coastal lagoons (termed 
‘snigging’). Although the designs of seines vary slightly among these areas, the basic fishing 
method involves using anchors, buoys and ropes to set and haul a single net in a semi-circular 
configuration from small dories (Fig. 3B). Similar in principle to trawls, seines actively direct 
prawns along the wings and the body of the net and into the codend (Fig. 3B). In contrast to these 
towed gears, stow (Fig. 4) and trap nets (Fig. 5) are static and catch prawns by exploiting their 
migratory behaviour within estuaries. These gears are secured to the bottoms of rivers and coastal 
lagoons using anchors and stanchions and are usually fished at night between the last and first 
quarter phases of the moon. Stow nets are used to target school and eastern king prawns by up to 
180 operators throughout 8 rivers, although more than 82% of the total effort occurs in the 
Clarence River and Wallis Lake. Prawns and other organisms move into the stationary stow net 
(which resembles a trawl or short seine) and are washed through to the codend by the flow 
generated during tidal movements and/or from an anchored vessel’s propeller (Fig. 4). Trap nets 
are used throughout 12 coastal lakes by up to 95 operators (> 40% work in Tuggerah Lakes). All 
trap nets are similar and comprise a wall of mesh (up to 140 m) secured between a vertical 
stanchion located near the shore and the horizontal gunwale of a dory anchored on a lake (Fig. 5A). 
Wind-generated currents cause the netting to assume a parabolic shape, effectively trapping 
migrating prawns and directing them along the wall of netting towards the horizontally-orientated 
bunt at the dory. Fishers facilitate this movement of catch by regularly lifting and hauling sections 
of the trap net over a dory so that it passes underneath the trap net and the catch is rolled towards 
the bunt (Fig. 5B). 
 
 

 
 

Figure 2. A) typical prawn trawl rigged in B) single and C) twin gear configurations. 
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Figure 3. A) river seine and B) method of setting and retrieving the gear. 

 

Figure 4. Typical stow net configuration used in NSW. 
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Figure 5. Diagrammatic representation of A) trap nets during fishing and B) using a dory to 

progressively concentrate the catch towards the bunt. 
 
 
All of the commercial and recreational prawn-catching gears used in NSW are managed by gear-
related input controls that restrict their general dimensions and mesh sizes (measured as inside 
mesh opening - see Ferro and Xu, 1996 for a definition of mesh measurements). Legal-mesh 
openings vary between 40 and 45 mm in the codends of trawls, 30 and 36 mm throughout seines, 
stow, haul and push nets, 25 and 36 mm throughout trap nets and 20 mm for scoop nets. For nearly 
all gears, fishers generally use the minimum legal mesh size. 
 
Despite the above regulations, there have been no formal estimates of the size selectivity of any 
gears. Nevertheless, their use throughout habitats that typically are characterized by diverse 
assemblages and abundances of small fauna (Bell et al., 1988; Gray et al., 1996) has been of 
concern and resulted in several quantitative studies of catches (e.g. Gray et al., 1990; Andrew et al., 
1995; Liggins and Kennelly, 1996; Liggins et al., 1996; Gray, 2001). These studies revealed that at 
some locations and times, many prawn-catching gears (and especially trawls) retain bycatch that 
can comprise juveniles of recreationally- and/or commercially-important non-target fish, 
cephalopods and crustaceans, but nearly always includes small, unwanted conspecifics (< approx. 
15-mm carapace length - CL; Fig. 6) of the targeted prawns. 
 
During the past 15 years, concerns over the mortality of bycaught juveniles of recreationally- and 
commercially-important fish resulted in successful attempts at improving the species selectivity of 
problematic gears like trawls (e.g. Broadhurst and Kennelly, 1994; 1996a; 1996b; Broadhurst et al., 
2004). In the last 5 years, physical modifications to codends (termed bycatch reduction devices - 
BRDs for a review see Broadhurst, 2000) designed to reduce unwanted catches of fish and other 
non-target species were legislated for use throughout all prawn-trawl fisheries. In particular, for 
estuarine trawls, a BRD termed the Nordmøre-grid was demonstrated to mechanically exclude up 
to 90% of bycatch, with no significant reductions in the catches of prawns (Broadhurst and 
Kennelly, 1996a). 
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Figure 6. Carapace lengths of school prawns between 8 and 21 mm. 
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BRDs like the Nordmøre-grid have not been required in other types of commercial or recreational 
prawn-catching gears because in general, these retain comparably fewer juveniles of important fish 
and cephalopods. The main bycatch concern for these gears, and a remaining issue for trawl 
fisheries, is juvenile prawns considered too small for sale. While there is no minimum legal size for 
any of the prawn species in NSW, operators in most fisheries conform to industry-recommended 
‘counts’ which vary from approx. 150 - 180 prawns 500 g-1 (i.e. mean individual weights of 3.3 - 
2.7 g or mean CLs of approx. 17 - 15 mm, respectively) (Fig. 6). These ‘desired’ sizes are similar 
to the estimated sizes at maturity for school (18 mm CL - Glaister, 1978) and greasyback (> 16 mm 
CL - Dall, 1958) prawns, but smaller than that for eastern king prawns (34 - 42 mm CL - Glaister, 
1983; Courtney et al., 1995). In most fisheries, large numbers of juvenile prawns considerably 
smaller than 15 mm CL (Broadhurst et al., 1996a) are caught and discarded well after capture 
through a process of ‘riddling’ on board the vessel, which involves passing the prawn catch over a 
sieve to separate large and small individuals. The discarding of small, riddled prawns is considered 
a major waste of stocks, since their fast growth rates mean that many would be expected to reach 
commercial size in a short period (Glaister, 1978). 
 
Studies have shown that the size selectivity of funnel-shaped, towed and static fishing gears is 
influenced by several variables, including the mesh type and size, volume of netting attached to the 
fishing line (i.e. the hanging ratio), thickness of twine, water velocity during fishing, and even the 
volume of catch (e.g. Reeves et al., 1992; Lowry and Robertson, 1996; Lök et al., 1997; Broadhurst 
and Kennelly, 1996b; Broadhurst et al., 2000; Tokaç et al., 2004). These factors combine to ensure 
that the lateral openings of traditional diamond-shaped meshes in codends or bunts are highly 
variable, but typically less than between 25 and 35% of the stretched mesh length (Robertson, 
1986). For many prawn-catching gears, simple changes to one or more of the gear-related factors 
listed above, such as an increase in the size of the diamond mesh or the hanging ratio in the codend 
or bunt (achieved via a reduction in codend circumference), can increase lateral mesh openings and 
allow more small individuals to escape. One of the simplest methods for increasing and 
maintaining the lateral mesh openings in codends or bunts across a range of conditions, is to 
orientate meshes on the bar so that they are square shaped (e.g. Thorsteinsson, 1992; Broadhurst et 
al., 1999a; 2000). More specifically for trawls, it is apparent that square-shaped mesh between 60 
and 100% of the size of the existing, conventional diamond-shaped mesh can allow small prawns to 
escape, while maintaining commercial catches. These sorts of simple modifications to meshes have 
been applied in many different trawl fisheries overseas (e.g. Suuronen and Millar, 1992; 
Thorsteinsson, 1992; Stergiou, 1999) and more recently in an Australian prawn-trawl fishery 
(Broadhurst et al., 1999a; 2000). For example, in Gulf St. Vincent, Broadhurst et al. (1999a) 
showed that compared to a conventional diamond-mesh codend, those made entirely with square 
meshes significantly reduced the bycatch of small western king prawns, (Penaeus latisulcatus) (and 
fish) with no concomitant loss of commercial catch. 
 
The previously successful application of the above modifications to improve the size selectivity of 
towed fishing gears provides justification for their testing in NSW prawn fisheries. However, an 
important consideration that has been overlooked in nearly all previous studies involves the fate of 
escaping organisms. Without estimates of the numbers that survive the process of capture and 
subsequent escape through codend meshes, it is difficult to quantify any long-term benefits that 
proposed modifications (or even existing regulations) may have. Therefore, as a prelude to the 
main body of research in the present study, we examined the effects of multiple capture and escape 
from the codends of towed gears on the physical damage, stress and mortality of juvenile school 
prawns. Like previous research done to assess the fate of fish escaping from similar codends (e.g. 
Broadhurst et al., 1997; 1999b), this work demonstrated minimal post-capture damage, stress and 
mortality (< 11% - see appendix 3) and validated examining the utility of modifications to meshes 
in prawn-catching gears as a means for regulating the fishing mortality of juvenile conspecifics. 
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1.3. Objectives 

(1) To develop and test a variety of modifications to gears and fishing practices that improve size 
selectivity and reduce the bycatch and discarding of small school and king prawns from the 
many methods used to catch them in NSW’s commercial and recreational fisheries. 

 
(2) To facilitate the extension of the research results throughout the appropriate sectors. 
 
(3) To recommend and help implement appropriate changes to regulations governing these 

methods to ensure the widespread use of the results. 
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